We present our analysis of HD 35502 based on high-and medium-resolution spectropolarimetric observations. Our results indicate that the magnetic B5IVsnp star is the primary component of a spectroscopic triple system and that it has an effective temperature of 18.4 ± 0.6 kK, a mass of 5.7 ± 0.6 M , and a polar radius of 3.0
+1.1
−0.5 R . The two secondary components are found to be essentially identical A-type stars for which we derive effective temperatures (8.9 ± 0.3 kK), masses (2.1 ± 0.2 M ), and radii (2.1±0.4 R ). We infer a hierarchical orbital configuration for the system in which the secondary components form a tight binary with an orbital period of 5.66866(6) d that orbits the primary component with a period of over 40 yrs. Least-Squares Deconvolution (LSD) profiles reveal Zeeman signatures in Stokes V indicative of a longitudinal magnetic field produced by the B star ranging from approximately −4 to 0 kG with a median uncertainty of 0.4 kG. These measurements, along with the line variability produced by strong emission in Hα, are used to derive a rotational period of 0.853807(3) d. We find that the measured v sin i = 75 ± 5 km s −1 of the B star then implies an inclination angle of the star's rotation axis to the line of sight of 24 +6 −10°. Assuming the Oblique Rotator Model, we derive the magnetic field strength of the B star's dipolar component (14 +9 −3 kG) and its obliquity (63 ± 13°). Furthermore, we demonstrate that the calculated Alfvén radius (41 +17 −6 R * ) and Kepler radius (2.1 +0.4 −0.7 R * ) place HD 35502's central B star well within the regime of centrifugal magnetosphere-hosting stars.
INTRODUCTION
Magnetic B-type stars exhibiting strong emission (e.g. σ Ori E, HD 142184, HD 182180, Landstreet & Borra 1978; Grunhut et al. 2012; Rivinius et al. 2013) σ Ori E have uncovered important discrepancies which require explanations (Oksala et al. 2012 (Oksala et al. , 2015 . By relaxing the RRM model's condition that the magnetic field remains undistorted, proposed the centrifugal breakout scenario in which the field loops episodically break and reconnect in response to an accumulating magnetospheric mass. Although magnetohydrodynamic simulations support this hypothesis (ud-Doula, Townsend & Owocki 2006) , no observational evidence of the breakout events (e.g. optical flares) has yet been reported ).
While these tests of the current theoretical framework provide useful information, their conclusions are based on a relatively small number of case studies. Lately, this number has been increasing as demonstrated by the recent confirmation of HD 23478's centrifugal magnetosphere (CM) , as well as the discovery of the candidate CMhost, HD 345439 (Hubrig et al. 2015) . The latest addition to this particular subset of magnetic B-type stars, HD 35502, is the focus of this paper.
Over the past 60 years, the nature of HD 35502 has been redefined in various ways. Located within the Orion OB1 association (likely within the OB1a subgroup, Landstreet et al. 2007) , it was initially identified as a B5V star (Sharpless 1952; Crawford 1958 ). Higher resolution spectra later obtained by Abt & Hunter (1962) revealed both narrow and broad spectral lines, the latter of which being characterized with a v sin i of 290 km s −1 . Moreover, He i lines were reported to be relatively weak; an analysis of early-type stars within Ori OB1 carried out by Nissen (1976) demonstrated that HD 35502's He abundance was approximately half that of the nearby chemically normal field stars. These results motivated its eventual reclassification as a B5IVsnp star (Abt & Levato 1977) . HD 35502's magnetic field was first detected by Borra (1981) and later confirmed by subsequent studies (Bychkov, Bychkova & Madej 2005; Glagolevskij et al. 2010) . Following the initial detection, it had been suggested that some of the unusual features apparent in its spectrum may be related to this strong field. In this paper, we use high-resolution spectra to provide a new interpretation of HD 35502 as a spectroscopic triple system whose primary component is a magnetic B-type star hosting a centrifugally supported magnetosphere.
In Section 2, we discuss both the polarized and unpolarized spectroscopic observations used in this study. Section 3 focuses on our derivation of some of the physical parameters of the system including its orbital configuration, along with the effective temperatures, surface gravities, masses, radii, and projected rotational velocities of the three stellar components. The various analytical methods used to derive these parameters, such as the modelling of spectroscopic and photometric data, are also described. In Section 4 we discuss the evidence of rotational modulation from which we derive the rotational period of HD 35502's primary component. In Section 5, the magnetic field measurements of this component are derived along with the field geometry and strength. In Section 6, we discuss and characterize the magnetic B star's magnetosphere. Finally, our conclusions along with our recommendations for further analytical work to be carried out are summarized in Section 8.
OBSERVATIONS

ESPaDOnS & Narval spectropolarimetry
Spectropolarimetric observations of HD 35502 were obtained over the course of 5 years (Aug. 23, 2008 to Sept. 24, 2013 in the context of the MiMeS and BinaMIcS (Alecian et al. 2015) surveys. Nineteen Stokes V observations were obtained using the high-resolution (R 65 000) spectropolarimeter Narval installed at the Télescope Bernard Lyot (TBL) over a wavelength range of approximately 3 600 − 10 000Å. Ten Stokes V spectra were also obtained using the twin instrument ESPaDOnS installed at the Canada-France-Hawaii Telescope (CFHT). Three of these observations exhibited signal-to-noise ratios (SNRs) 100 and were removed from the analysis. A median SNR of 522 was obtained from the twenty six observations. Both the ESPaDOnS and Narval observations were reduced using the Libre-ESpRIT pipeline (Donati et al. 1997 ) yielding final Stokes I and V spectra (for a detailed description of the reduction procedure, see e.g. Silvester et al. 2012 ). The Heliocentric Julian Dates (HJDs), total exposure times, and SNRs are listed in Table 1 .
dimaPol spectropolarimetry
Twenty-four medium-resolution spectropolarimetric observations were obtained with dimaPol (R 10 000) installed at the Dominion Astrophysical Observatory (DAO) (Monin et al. 2012 ) from Feb. 7, 2009 to Feb. 15, 2012 . Two of these observations had SNRs 100 and were removed from the analysis. The remaining twenty-two Stokes V observations of Hβ were used to derive longitudinal field measurements; the HJDs, exposure times, SNRs, and longitudinal field measurements are listed in Table 2 .
FEROS spectroscopy
Thirty-two unpolarized spectra were acquired from Dec. 30, 2013 to Jan. 3, 2014 using the spectrograph FEROS mounted on the 2.2 m MPG/ESO telescope located at La Silla Observatory. The instrument has a resolving power of R = 48 000 across a wavelength range of 3 600 − 9 200Å (Kaufer et al. 1999) . The spectra were reduced using the FEROS Data Reduction System. The pipeline automatically carries out bias subtraction, flat fielding, and extraction of the spectral orders; wavelength calibration is carried out using ThAr and ThArNe lamps. Uncertainties in the measured intensities were estimated from the root mean square (RMS) of the continuum intensity at multiple points throughout each spectrum (e.g. Wade et al. 2012) . The HJDs, total exposure times, and SNRs are listed in Table 3 .
Hα spectroscopy
A total of 131 spectroscopic observations of Hα covering various wavelength ranges from approximately 6 300 − 6 800Å are also used in this study. One hundred thirteen of these observations were obtained at the DAO from Nov. 26, 1991 to Feb. 4, 2012. Seven of the spectra were removed from the analysis on account of their SNRs being 50. Both the Table 1 . ESPaDOnS and Narval spectropolarimetric observations. The SNRs per 1.8 km/s pixel are reported at 5400Å. The fifth, sixth, and seventh columns list the radial velocities of the three stellar components (see Section 3.1). The two right-most columns indicate the longitudinal magnetic field derived from Hβ (see Section 5) along with the associated detection status: definite detection (DD), marginal detection (MD), and no detection (ND) as outlined by Donati et al. (1997 McKellar spectrograph installed at the 1.2 m Plaskett telescope and the spectrograph mounted at the Cassegrain focus of DAO's 1.8 m telescope were used to acquire the spectra. The remaining eleven observations were obtained at CFHT from Nov. 21, 1991 to Oct. 3, 1995 using the now decommissioned Coudé f/8.2 spectrograph.
uvby photometry
149 uvby photometric measurements were obtained from Jan. 27, 1992 to Mar. 13, 1994 using the 0.75 m Four College Automated Photoelectric Telescope (FCAPT) on Mt. Hopkins, AZ. The dark count was first measured and then in each filter the sky-ch-c-v-c-v-c-v-c-ch-sky counts were obtained, where sky is a reading of the sky, ch that of the check star, c that of the comparison star, and v that of the variable star. No corrections have been made for neutral density filter differences among each group of variable, comparison, and check stars. HD 35575 was the comparison and HD 35008 the check (i.e. second comparison) star. The standard deviations of the ch-c values were 0.006 mag, except for u for which it was 0.008 mag. We adopted uncertainties of 0.005 mag for each measurement based on the highest precision typically achieved with FCAPT. Table 10 contains the complete list of photometry. 
PHYSICAL PARAMETERS
Based on the high-resolution spectra obtained of HD 35502, three distinct sets of spectral lines are apparent: the strong and broad lines associated with a hot star and two nearly identifical components attributable to two cooler stars which are observed to change positions significantly. Based on HD 35502's reported spectral type, the bright, dominant component is presumed to be a hot B5 star (Abt & Levato 1977) ; the weaker components are inferred to be two cooler A-type stars based on the presence of Fe ii lines and the absence of Fe iii lines. As will be shown in the next section, the lines of the A stars show velocity variations consistent with a binary system. Hence we conclude that HD 35502 is an SB3 system. Some of the B star lines (the He i lines, in particular) appear to exhibit intrinsic variability. Such features are commonly found in magnetic He peculiar stars (e.g. Borra, Landstreet & Thompson 1983; Bolton et al. 1998; Shultz et al. 2015) .
Orbital solution
The radial velocity (vr) of the central B star (B) in each observation was determined using spectral lines for which no significant contribution from the two A stars (A1 and A2) was apparent. C ii λ4267 was found to be both relatively strong (with a depth of 10 per cent of the continuum) and only weakly variable. The Hα spectra encompassed a limited range of wavelengths with few lines from which vr could be accurately determined. We used C ii λ6578 and He i λ6678 in order to estimate vr from all of the spectra (spanning a 22 year period). However, measurements made from He i λ6678 were subject to systematic errors associated with strong variability (see Section 6). Moreover, the shallower depth of C ii λ6578 (< 4 per cent of the continuum) and its blending with Hα resulted in both a decrease in precision and a larger scatter in vr compared with those values derived from C ii λ4267.
The radial velocities were calculated by fitting a rotationally-broadened Voigt function to the C ii λ4267, C ii λ6578, and He i λ6678 lines. The uncertainties were estimated through a bootstrapping analysis involving the set of normalized flux measurements (I/Ic) spanning each line. A random sample of 61 per cent of the data points was selected to be removed at each iteration. These points were then replaced by another set that was randomly sampled from I/Ic. The fitting routine was then repeated on this new data set. 1000 iterations of the bootstrapping routine were carried out and a probability distribution was obtained for each fitting parameter. The uncertainties in each of the fitting parameters were then taken as the 3σ standard deviations associated with each probability distribution.
The value of vr inferred from C ii λ4267 was found to exhibit a median uncertainty of 1.5 km s −1 and a standard deviation of 1.4 km s −1 . Larger uncertainties were derived using He i λ6678 and C ii λ6578 ranging from 1 − 53 km s −1 . Similarly, vr inferred from C ii λ6578 and He i λ6678 yielded larger standard deviations of 9 and 18 km s −1 , respectively. In the case of He i λ6678, the decrease in precision and increase in scatter relative to the more stable C ii λ4267 measurements is likely the result of the intrinsic line variability.
No significant vr variability was detected using C ii λ4267 ( vr = 21 ± 2 km s −1 ), C ii λ6578 ( vr = 30 ± 15 km s −1 ), or He i λ6678 ( vr = 30 ± 8 km s −1 ). The radial velocities of the two A stars were calculated from Stokes I profiles produced using the Least Squares Deconvolution (LSD) method (Donati et al. 1997; Kochukhov, Makaganiuk & Piskunov 2010) . The LSD line mask used to carry out the procedure was compiled using data taken from the Vienna Atomic Line Database (VALD) (Kupka et al. 2000) . In order to isolate the A stars from the dominant B star component in the Stokes I LSD profiles, we used a line list associated with an 8000 K star having a surface gravity of log g = 4.0 (cgs) and a microturbulence of vmic = 0. Fig. 1 shows the LSD profiles generated using a different line mask in which both the A and B star components are apparent. The majority of the radial velocities were then determined by simultaneously fitting two Gaussians to the sharp components of the Stokes I profiles. In the case of the Narval observation obtained at HJD = 2456224.646, the sharp line profiles were completely blended and the radial velocities were estimated by fitting a single Gaussian and adopting the resultant velocity for both components. The vr errors were estimated using a 1000 iteration bootstrapping analysis. We note that the contribution of the B star to the Stokes I LSD profiles was generally weak; however, in certain observations, small contributions were present which resulted in small deformations in the continuum between the two A star profiles. In these cases, the A star line appearing closest to these deformations was more affected than the other A star thereby yielding slightly higher uncertainties in the fitting procedure. The values of the two A stars' radial velocities were found to range from −30.4 to 78.6 km s −1 with an average uncertainty of 2.4 km s −1 . The spectral characteristics of the two A-type components are nearly identical; therefore, it is not possible to unambiguously attribute a particular line profile in each spectrum to a particular star. Nevertheless, the importance of this ambiguity can be reduced by making simplifying assumptions.
First, we assumed that the two A stars are gravitationally bound and therefore orbit a common center of mass (having a radial velocity vcm) with a period P orb . Furthermore, we assumed that the orbits are circular implying that the A star vr variations are purely sinusoidal and described by
where Ki and φi are the semi-amplitude and phase shift of the i th A-type component, respectively. The fact that the radial velocities are observed to oscillate symmetrically about a constant average radial velocity of vr,A = (vr,1 + vr,2)/2 = 25 ± 3 km s −1 suggests that (1) K1 = K2 and (2) |φ1 − φ2| = π. With these assumptions, we applied the following procedure:
(i) define a grid of possible orbital periods; (ii) define an amplitude and phase shift of the radial velocity variations based on the maximum observed vr separation; (iii) for every period, determine which sinusoidal model the blue and red shifted spectral lines must be associated with in order to minimize the residuals. The two components in each observation were then identified using whichever period returned the minimal residual fit. A traditional period fitting routine (e.g. Lomb-Scargle) could then be applied to the vr time series of each star separately thereby yielding more precise periods, amplitudes, and phase shifts for each model. We chose a grid of periods ranging from 0.1 to 10 d in increments of 10 −5 d (∼ 1 s). The amplitudes (K1 = K2) and phase shifts (φ1 = |φ2 − π|) were defined by the maximum vr separation of 109 km s −1 (i.e. phase 0.994 where this phase corresponds to the phase of the B star's maximum longitudinal magnetic field derived in Section 5). The analysis then involves assigning radial velocities to each of the A star components based on a best-fitting period of 5.6687d. An alternative means of identifying the orbital period uses the fact that the quantity |vr,1 − vr,2| varies with a period of 2P orb , as outlined by Hareter et al. (2008) . Applying this method yields a similar value of P orb = 5.6680(6) d.
With the radial velocities of the two A stars correctly assigned to each individual component, a more precise analysis of the binary orbital parameters was carried out using orbitx, a fortran code later adapted to idl which determines the best-fitting P orb , time of periastron passage (T ), eccentricity (e), longitude of the periastron (ω), semi-amplitudes of each component's radial velocities (K1 and K2), and the radial velocity of the center of mass (γ) (Tokovinin 1992) . This calculation yielded P orb = 5.66866(6) d, T = 2456658.172 ± 1.652, e = 0.003
, and γ = 26.5 ± 0.2 km s −1 . These results imply a mass ratio of M1/M2 = 1.05 ± 0.02, a projected total mass of (M1 +M2) sin 3 i = 0.186±0.008, and a projected semi-major axis of a sin i = 0.0564 ± 0.0008. These values are listed in Table 4 . Fig. 2 shows the radial velocities of the A stars phased by the 5.66866 d orbital period and compared with the radial velocities computed from the orbital solution.
Comparing vr,A = 25 ± 3 km s −1 with the average B star vr of 20.5 ± 1.6 km s −1 and noting that no significant variability in vr,A was detected over the 22 year observing period implies a very long orbital period of the A binary about the B star. A lower limit for this period is derived in Section 3.2.
SED fitting
Photometric fluxes of HD 35502 have been measured throughout the UV, visible, and near infrared spectral regions thereby allowing the temperatures and radii of the three stellar components to be constrained. Ultraviolet measurements were previously obtained at four wavelengths -1565Å, 1965Å, 2365Å, and 2749Å -by the S2/68 instrument on board the T D1 satellite (Thompson et al. 1978) . Photometry spanning the visible spectrum were taken from the Geneva Observatory's catalogue of U , B, V , B1, B2, V1, and G filters (Rufener 1981 
et al. 2010) were used. The reported Geneva, 2MASS, and WISE magnitudes were converted to the flux units of ergs s −1 cm −2Å −1 using the zero points reported by Rufener & Nicolet (1988) , Cohen, Wheaton & Megeath (2003), and Wright et al. (2010) .
The reported photometric measurements of HD 35502 include the contributions from each of the three stellar components. This renders an SED fitting analysis particularly susceptible to degenerate solutions; however, speckle interferometry measurements obtained by Balega et al. (2012) provide additional photometric constraints on the system. They detected magnitude differences of 1.45 ± 0.02 mag and 1.21 ± 0.02 mag using filters centered on 5500Å and 8000Å, respectively. The sources were reported to have angular separations of 69 ± 1 mas and 68 ± 1 mas in the two filters. The speckle companion is also identifed in observations obtained by Horch et al. (2001) with a consistent angular separation of ρ < 59 mas.
In conjunction with the distance to HD 35502, the angular separations may be used to determine the associated linear separation. A distance of d = 430±120 pc was inferred from the 2.35 ± 0.68 mas Hipparcos parallax (van Leeuwen 2007) . However, assuming HD 35502 to be a member of the Orion OB1a subassociation, we inferred a moderately more precise value of 400 ± 80 pc based on the subassociation's reported average distance modulus of dm = 8.00 ± 0.46 mag (Brown, de Geus & de Zeeuw 1994) . The projected linear separation between the two speckle sources was then found to be 27 ± 5 AU. The minimum orbital period of the A star binary system around the B star can then be approximated by assuming upper limit masses of 8 M and 3 M for the B and A stars, respectively (the actual masses are derived in Section 8). This implies an orbital period of P orb 40 yrs, which is consistent with the fact that no significant variations were detected in either the B star radial velocities or the A star binary's systemic radial velocity.
The observed photometry was fit using atlas9 synthetic spectral energy distributions (SEDs) generated from the atmospheric models of Castelli & Kurucz (2004) . The grid consists of models with effective temperatures ranging from 3.5 − 50.0 K and surface gravities spanning log g = 0.5 − 5.0 (cgs), as described in detail by Howarth (2011) . This grid was linearly interpolated in order to produce models with a uniform temperature and surface gravity resolution of 125 K and 0.01 dex for T eff = 5 − 25 kK and log g = 3.0 − 4.75 (cgs). All of the SEDs were then mul- tiplied by the transmission functions associated with each of the narrow band filters: TD1 U V (Carnochan 1982) , Geneva (Rufener & Nicolet 1988) , 2MASS (Cohen, Wheaton & Megeath 2003) , and WISE (Wright et al. 2010) .
Modelling the photometry of un-resolved multi-star systems using synthetic SEDs requires a large number of fitting parameters and therefore the solution is expected to be highly degenerate. The contribution to the total flux from each of the three stellar components depends on, among other factors, their effective temperatures, surface gravities, and radii. In order to reduce the number of solutions, we adopted a solar metallicity and a microturbulence velocity of vmic = 0 km s −1 . As with many Bp stars, HD 35502's primary exhibits chemical spots on its surface (see Section 6); however, on average, a solar metallicity may be adopted.
The high-resolution spectra of HD 35502 obtained by Narval, ESPaDOnS, and FEROS suggest that the two cooler A star components are approximately identical in terms of their T eff , log g, and line-broadening parameters (see Section 3.3). If we assume that the two A stars contribute identically to the SED, the number of independent models required in the fitting routine is reduced from three to two thereby resulting in a total of six free parameters: T eff , log g, and the stellar radius, R, for both the B star and the (identical) A stars.
The effective temperature of a star inferred from fitting model SEDs to photometry is highly dependent on the assumed colour excess, E(B − V ). Given HD 35502's probable location within the Orion OB1a association (Landstreet et al. 2007 ), the extinction caused by gas and dust is expected to be significant. Indeed, Sharpless (1952) and Lee (1968) report values (without uncertainties) of E(B − V ) of 0.13 and 0.14, respectively. We used the method of Cardelli, Clayton & Mathis (1989) with an adopted to selective total extinction ratio of R(V ) = 3.1 in order to deredden the observed photometry. Small differences in the resulting bestfitting parameters of < 3 per cent were found by using an E(B − V ) of 0.13 or 0.14. Although we investigated how our analysis was affected by varying the colour excess from 0.0 − 0.2, the final effective temperatures are reported after assuming E(B − V ) = 0.14.
We found that a Markov Chain Monte Carlo (MCMC) fitting routine provided a suitable means of determing the most probable solution while simultaneously revealing any significant degeneracies. This was carried out by evaluating the likelihood function yielded by a set of randomly selected fitting parameters drawn from a prior probability (see e.g. Wall & Jenkins 2003) . For each iteration, the derived likelihood is compared with that produced by the previous iteration. If a new solution is found to yield a higher quality of fit (higher likelihood), these parameters are adopted, otherwise, the previous solution is maintained. In order to broadly sample the solution space, the MCMC algorithm is designed to adopt poorer fitting solutions at random intervals thereby preventing a local (but not global) maximum likelihood from being returned.
Uniform prior probability distributions (flat priors) were defined for T eff , log g, and R, where the latter was constrained within 1.0 − 10.0 R . The two speckle observations (Balega et al. 2012) were then included in the total prior probability as monochromatic flux ratios (i.e. magnitude differences) at 5500Å and 8000Å. We assumed that the reported 0.02 mag uncertainties correspond to 1σ significance. The marginalized posterior probability distributions produced after 10 6 iterations in the Markov Chain are shown in Fig. 3 .
The most probable effective temperatures for the B and A star models were found to be 18.4 ± 1.2 kK and 8.9±0.6 kK, respectively, where the uncertainties correspond to the 93 rd percentile (approximately 2σ). The fitting pa- rameters used to derive the stellar radii, RB and RA, depend on the distance to HD 35502 (i.e. as a scaling factor given by R 2 * /d
2 ). Although the posterior probability distributions for RB and RA both yield 2σ uncertainties of 0.2 R , the consideration of the relatively large distance uncertainty (d = 400 ± 80 pc) implies larger uncertainties of δRB = 0.6 R and δRA = 0.4 R . The most probable radii and their uncertainties found from the MCMC analysis are then given by RB = 3.0 ± 0.6 R and RA = 2.1 ± 0.4 R . The derived temperatures and stellar radii are listed in Table 5. The analysis was insensitive to changes in log g as indicated by an essentially flat posterior probability distribution; therefore, no definitive surface gravity can be reported. Comparisons between the observed photometry and the best-fitting model are shown in Fig. 4 , where we have adopted log g = 4.3 for both the A and B models as derived in Section 3.3.
The model B star flux (FB) and the model binary A star flux (2FA) can be used to verify our initial assumption that the two components detected in the speckle observations do indeed correspond to the central B star and the A star binary system. The models can be compared with the speckle observations by calculating the flux ratios, 2FA(λ)/FB(λ), at the speckle observation wavelengths. Both FA(λ) and FB(λ) are integrated over wavelength intervals of 200Å and 1000Å (i.e. the FWHM of the filters used by Balega et al. 2012) centered at 5500Å and 8000Å, respectively. We then obtain magnitude differences of ∆msyn(5500Å) = 1.46 and ∆msyn(8000Å) = 1.23. These values yield a negligible discrepancy with the speckle observations of 1 per cent at λ = 5500Å and 2 per cent at λ = 8000Å.
Spectral line fitting
Several properties of HD 35502's three stellar components may be estimated through comparisons with synthetic spectra (e.g. the surface gravity, line broadening characteristics, etc.). We carried this out using local thermodynamic equilibrium (LTE) models generated with synth3 (Kochukhov 2007) . The code computes disc-integrated spectra using spectral line data provided by VALD (Kupka et al. 2000) obtained using an extract stellar request for a specified effective temperature, surface gravity, and microturbulence velocity in conjunction with atlas9 atmospheric models (Kurucz 1993). The synthetic spectra can then be convolved with the appropriate functions in order to account for instrumental and rotational broadening effects.
The ESPaDOnS, Narval, and FEROS observations were normalized using a series of polynomial fits to the continuum. The relatively shallow (≈ 5 per cent of the continuum) and narrow lines produced by the two A stars made the spectral line modelling inherently uncertain. For instance, the typical root mean square of the continuum near the A stars' Mg i λ4703 lines was found to be approximately 14 per cent of the line depth. Thus, the SNRs of the majority of the 
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A Star Parameters A star lines were relatively low. This was mitigated to some extent by binning the observed spectra with a bin width of ≈ 0.03Å (i.e. 2 pixels). In order to account for the instrumental profile of the ESPaDOnS and Narval observations, the synthetic spectra were convolved with a Gaussian function assuming a resolving power of R = 65 000; similarly, the FEROS spectra were fit after convolving the synthetic spectra assuming R = 48 000. The quality of fit yielded by the total normalized synthetic spectrum (Ftot) depends not only on T eff of the three models but also on their (relative) luminosities: Ftot = ( i LiFi)/ i Li, where Li and Fi are the luminosities and synthetic spectra of the i th component. We adopted the 18.4 kK and 8.9 kK values associated with the B and two A stars obtained from the SED fitting (Section 3.2). Moreover, we assumed that the luminosities of the two A stars are equal, thereby reducing the number of degrees of freedom in the spectral line fitting analysis.
With T eff specified, the stellar luminosities can be estimated through various methods. We found that the best results were obtained by letting the luminosity ratio of the B and A star models, LB/LA, be a free parameter and subsequently finding the minimum χ 2 fit for a given surface gravity (log g) and rotational broadening (v sin i). This was carried out using the observed spectra for which the two A stars were most widely separated in wavelength (phase 0.994 Figure 7 . Comparisons between best-fitting model (red) and observed (black points) Fe ii (left) and Mg i (right) lines used to constrain the surface gravity and rotational broadening of the two A stars; the filled blue region indicates the total uncertainties associated with v A sin i and log g A . The phase corresponds to the maximum observed separation between the two binary components.
in Fig. 2 ) in the wavelength range of 4200 − 4300Å. This region was chosen because of the presence of the strong and essentially non-variable C ii line produced by the B star along with many A star lines of various elements (e.g. Fe, Ti, Cr, Mn). Most importantly, this wavelength range is free of B star lines exhibiting obvious chemical abundance anomalies and variability such as those observed from He. A subsample of this region containing C ii λ4267 is shown in Fig. 6 . This technique yielded LB/LA = 5.2, which is consistent with the median value implied by the SED fitting analysis -within 4000Å λ 6000Å -of 8.4
+4.1 −2.4 . Ultimately, using an LB/LA of 5.2 instead of 8.4 produced a moderate increase of 1.1σ in the best-fitting solution's overall quality of fit. log g and v sin i of HD 35502's three components were then fit using various B and A star lines while recalculating the best-fitting LB/LA for every change in the parameters. As a result of the presumed chemical peculiarities and line variability of the B star (see Section 6) and the limited number of lines, log gB could not be reliably constrained using He or metal lines (e.g. Mg i and Mg ii). Instead, we relied upon the wings of the strong and broad Balmer lines. In particular, the observations of Hβ, Hγ, and Hδ obtained at a phase of 0.49 in the B star's rotational period (the phase of minimum emission) were used in order to minimize the effects of emission. Several metal lines were used to constrain vB sin i such as C ii λ4267, S ii λ5640, and Fe ii λ5780. log gB and vB sin i were found to be 4.3 ± 0.2 (cgs) and 75 ± 5 km s −1 , respectively. Examples of the best-fitting model spectra are shown in Fig. 5 ; the adopted range in vB sin i is shown in Fig. 6 .
The surface gravity and rotational broadening of the two A stars were fit simultaneously using several Fe ii and Mg i lines. Their best-fitting log g and v sin i values were found to be 4.3 ± 0.3 (cgs) and 12 ± 2 km s −1 , respectively. Two examples of the modelled A star lines are shown in Fig. 7 .
Hertzsprung-Russell Diagram
The masses, ages, and polar radii of HD 35502's three stellar components may be estimated by comparing their positions on the Hertzsprung-Russell diagram (HRD) with theoretical isochrones.
In order to determine the B star's luminosity, we used the 18.4 ± 0.6 kK effective temperature and 3.0 ± 0.6 R radius derived from the three star SED fit discussed in Section 3.2. The Stefan-Boltzmann law then yields a luminosity of log L/L = 3.0 +0.4 −0.5 . Similarly, the position of the A stars on the HRD can be identified using T eff = 8.9 ± 0.3 kK and RA = 2.1 ± 0.4 R . We calculate an A star luminosity of log L/L = 1.4 ± 0.3. The HRD positions of the B and A stars are shown in Fig. 8 .
The masses (M ) and polar radii (Rp) associated with a given T eff and log L/L were determined using a grid of Geneva model isochrones generated by Ekström et al. (2012) . The grid is calculated for the evolutionary timescale beginning with the zero-age main sequence up until the core carbon-burning phase for masses of 0.8 − 120 M . The microturbulence velocity was fixed at vmic = 0.0 km s −1 and a solar metallicity of Z = 0.014 was assumed. In the case of HD 35502's central B star, the ratio of the angular velocity to the critical angular velocity, Ω/Ωc, is known to be significant based on the 0.853807(3) d rotational period (see Section 4). Its position on the HRD was therefore compared against several additional grids calculated using Ω/Ωc = 0.4 − 0.9 in increments of 0.1 (Georgy et al. 2013) . While no significant difference in the inferred M was apparent (i.e. < 4 per cent), Rp was found to decrease by as much as 15 per cent.
In order to select the most accurate grid of isochrones and thus, the most accurate Rp, Ω/Ωc must first be estimated. Since Ωc depends on both the mass and polar radius, it was calculated using the parameters derived from each grid of isochrones. Using Prot inferred in Section 4 to determine Ω, a range of Ω/Ωc values were found. The appropriate grid was then chosen based on whichever Ω/Ωc most closely agreed with the Ω/Ωc associated with the isochrone grid. A calculated Ω/Ωc of 0.53 yielded the best agreement; we found Rp,B = 3.0 +1.1 −0.5 R and MB = 5.7 ± 0.6 M using the Ω/Ωc = 0.5 isochrones. These results imply an equatorial radius of Req,B = 3.2 +1.6 −0.6 R . Using von Zeipel's law (von Zeipel 1924), we estimate that the ratio of T eff between the pole and the equator is approximately 1.02.
The two A stars' M and Rp were inferred using the Ω/Ωc = 0.0 isochrone grid. The T eff and log L/L derived from the three star SED fit then yielded Rp,A = 2.0 +0.8 −0.5 R and MA = 2.1 ± 0.2 M . We note that both Rp,B and Rp,A are consistent with RB and RA derived in Section 3.2.
ROTATIONAL PERIOD
Several observed properties of HD 35502 exhibit periodic variability with varying significance. In order to correctly interpret the origin of these variations, it is crucial to identify the periods, the phases at which the maxima and minima occur, and amplitudes with which they occur. This was carried out using the same procedure discussed in Section 3.1 in which the orbital solution of the A star binary was derived.
We first assumed a sinusoidal fit to the data, f (t), given by f (t) = C0 +C1 sin (2π[t − t0]/P + C2), where P is the period of variability, t is the observation's HJD, t0 is the HJD corresponding to phase 0, and C0, C1, and C2 are fitting parameters. A χ 2 distribution was then generated using periods ranging from 0.1 to 10.0 d in increments ∼ 1 s. The bestfitting period was inferred from the minimal χ 2 solution and the 3σ χ 2 interval was taken as the associated uncertainty. The uncertainties in the three fitting parameters were estimated using a 1 000 iteration bootstrapping analysis. The statistical significance of each derived period was evaluated by comparing the quality of the sinusoidal fit to that yielded by a constant fitting function given by f (t) = C0, where C0 is a time-independent fitting parameter. The difference between the minimal χ 2 values associated with the constant fit (χ 2 const ) and sinusoidal fit (χ 2 sin ) were then calculated. Any sinusoidal fit having χ 2 const − χ 2 sin 3σ was considered to be statistically significant.
Various periods were found when this procedure was applied to the longitudinal field measurements ( Bz , see Section 5) along with the multiple photometry and equivalent width (EW) measurements (see Section 6). The analyses of nearly all datasets yielded statistically significant variability, with over half corresponding to a unique period near 0.85 d. They were found to be equal to one another within ≈ 10 sec with typical uncertainties 10 s and were therefore averaged to obtain a period of 0.85382(7) d. However, when the Hα EWs were phased with this period, the oldest measurements showed an ≈ 0.1 phase offset relative to the more recent measurements. This discrepancy was resolved by adopting the best-fitting ephemeris derived from the Hα EWs of JD = 2456295.812850 ± 0.853807(3) · E (2) where the reference JD (2456295.812850(3)) corresponds to the epoch of Bz maximum magnitude. Therefore, while the general accuracy of the rotational period is established by the diverse photometric, spectroscopic, and magnetic data sets, the adopted value and its precision correspond to those implied by the Hα EWs.
The periodic variability of Bz can be explained, in part, as a consequence of a stable oblique magnetic field configuration that is modulated by the star's rotation. Similarly, rotationally-modulated variations exhibited by the equivalent widths of various spectral lines can be produced by at least two mechanisms: (1) non-uniform distributions of chemicals on the stellar surface and (2) hot plasma accumulating in the star's magnetosphere resulting in emission and absorption. All of these phenomena are commonly exhibited by magnetic B-type stars (e.g. Landstreet & Borra 1978; Leone et al. 2010; Bohlender & Monin 2011 ). Therefore, we conclude that the ephemeris given by Eqn. 2 is the B star's rotational period.
MAGNETIC FIELD
Zeeman signatures produced by a magnetic star in the HD 35502 system were detected in circularly polarized (Stokes V ) ESPaDOnS and Narval observations. They were found to be coincident with the B star's spectral lines regardless of the inferred velocities of the two A stars. We therefore assumed the detected field to be entirely produced by the B star.
The Stokes V Zeeman signature associated with Hβ yielded 18 definite detections (DDs), 1 marginal detection (MD), and 7 non-detections (NDs) based on the detection criterion outlined by Donati et al. (1997) . The SNRs of the observed signatures were optimized using the LSD procedure (Donati et al. 1997; Kochukhov, Makaganiuk & Piskunov 2010) introduced in Section 3.1. A master line mask containing He and metal lines was generated using data obtained from VALD (Kupka et al. 2000 ) with a specified T eff , log g, and microturbulence velocity (vmic). All Balmer lines were also removed along with any regions affected by atmospheric absorption (i.e. telluric lines). Several single element line masks were subsequently generated from the He+metal mask by retaining only specific chemical elements including He, C, Si, Fe, and Mg. Clearly, the magnitudes of Bz derived using different elements will be affected by any nonuniform distribution of chemicals across the star's surface. Therefore, our analysis also includes measurements obtained using H lines (both from LSD profiles and Hβ) which do not typically exhibit non-solar abundances or non-homogeneous surface distributions (i.e. chemical spots). A H line mask was generated in which the H lines exhibiting moderate emission (e.g. Hβ and Hα) were removed. The resultant mask contained three H i lines: H i λ3970, H i λ4102, and H i λ4340.
Two approaches were used to isolate the B star lines from the A star lines using LSD. The first method used a mask generated with T eff = 15 kK, log g = 4.0 (cgs), and vmic = 0 km s −1 which yielded LSD profiles with clear Stokes I contributions from all three stellar components. The narrow line components associated with the two A stars were then fit by Gaussian functions which were subsequently subtracted from the Stokes I profiles. We found that this method could not be consistently applied to all observations. Moreover, the quality of the Gaussian fits was dramatically reduced when applied to the C, Si, and Fe line masks.
The second method used the same log g and vmic with a significantly higher temperature of T eff = 26 kK. This yielded LSD profiles with minimal contributions from the two A stars. The Stokes I and V LSD profiles generated using the T eff = 26 kK line mask for H, He+metal, He, C, Si, and Fe are shown in Fig. 9 , phased according to Eqn. 2. Aside from the Si and Fe LSD profiles, no strong contributions from the A star Stokes I profiles can be discerned.
Each ESPaDOnS and Narval spectropolarimetric observation includes a diagnostic null which may be used to evaluate the significance of any polarized signal. No spurious signals were detected in any of the diagnostic null profiles.
Bz was inferred from each of the Stokes I and V LSD profiles, as well as from Hβ, using equation (1) of Wade et al. (2000) . We used a wavelength of 500 nm with a Landé factor of 1.2 for the He and metal mask measurements and a Landé factor of unity for the H mask and Hβ measurements. The Doppler shift produced by the B star's radial velocity of ≈ 20 km s −1 was subtracted from each LSD profile. The Stokes I and V profiles were then normalized to the continuum intensity at a velocity of v = −125 km s Bz derived from the H, He, and metal LSD profiles are listed in Table 7 .
High resolution spectropolarimetry is essentially insensitive to the polarization in the wings of the Balmer lines. As an example of how the Doppler cores of Balmer lines may be used to infer Bz , see Fig. 2 of (Landstreet et al. 2015) , who explain the method in some detail. Our measurements obtained in the context of the current paper, as well as those obtained by , demonstrate that this method results in longitudinal field intensity and variability in good agreement with other approaches.
All of the Bz measurements were found to exhibit statistically significant varitions with best-fitting periods ranging from 0.85380 − 0.85389 d. Only the Bz values obtained using the Fe LSD profiles ( Bz Fe) yielded more than one period. Figures 10 and 11 show the Bz measurements inferred from Hβ and the LSD profiles, respectively, phased by the B star's rotational period (Eqn. 2). It is clear that the scatter of the Bz He, Bz Si, and Bz Fe measurements is significantly larger than that yielded by Bz H, Bz He+metal , and Bz C. This is likely caused by the presence of He, Si, and Fe chemical spots which are commonly observed on the surfaces of Bp stars. As discussed in Section 6, we find strong evidence for He and Si spots.
The mean and amplitude of the phased Bz measurements are defined by the fitting parameters B0 and B1 associated with the sinusoidal fitting function Bz = B0 + B1 sin (2πθ + φ), where θ is the phase calculated using Eqn. 2 and φ is the phase shift. The most precise B0 and B1 values -as indicated by the uncertainties estimated using a 1 000 iteration bootstrapping analysis -were derived using Hβ, and the H and He+metal LSD profiles. They were found to be consistent within 2σ. The lowest uncertaintes were obtained from the Bz H measurements, which yielded a mean and amplitude of B0 = −1.41 ± 0.11 kG and B1 = 1.64 ± 0.16 kG where the uncertainties correspond to 3σ.
If we assume that the field is characterized by an important dipole component, the sinusoidal variations in Bz imply that the dipole's axis of symmetry is inclined (i.e. has an obliquity angle β) with respect to the star's rotational axis. This interpretation, first described by Stibbs (1950) , is known as the Oblique Rotator Model (ORM). Under the assumptions of the ORM, β can be calculated from equation (3) of Preston (1967) which depends on r ≡ | Bz |min/| Bz |max and the inclination angle, i, of the star's axis of rotation. The value of i can be determined using Prot given by Eqn. 2, v sin i = 75 ± 5 km s −1 derived in Section 3.3, and Req = 3.2 +1.6 −0.6 R listed in Table 5 . We obtained a value of i = 24 +8 −9°. The value of r was determined from B0 and B1. Using the values inferred from the Bz H measurements, we obtained r = 0.08 +0.09 −0.07 . Finally, the obliquity angle was found to be β = 63 ± 13°using Eqn. (3) of Preston (1967) .
In addition to the obliquity, the strength of the magnetic field's dipole component, Bp, can be calculated by inverting equation (1) of Preston (1967) and letting t = 0 correspond to Bz max. We used a linear limb darkening constant that was averaged over the values derived by van Hamme (1993) for the U , B, V , R, and I bandpasses. These specific filters were selected because of the approximate correspondance with the ESPaDOnS and Narval wavelength range. A value of u = 0.265 was obtained after interpolating the published table for an effective temperature and surface gravity of 18.4 kK and 4.3 (cgs). i, β, and u then yield Bp = 14 +9 −3 kG. Similar obliquity angles and dipolar field strengths are derived using Hβ along with the He+metal, He, C, and Si LSD profiles. Bz Fe exhibits significantly weaker and more uncertain values of β = 33
nd Bp = 8 +6 −3 .
EMISSION AND VARIABILITY
Hot magnetic B-type stars are commonly found to exhibit spectral line variability either as a result of chemical spots (e.g. Kochukhov et al. 2015; Yakunin et al. 2015) or from the presence of a hot plasma beyond the stellar surface (e.g. Landstreet & Borra 1978) . Furthermore, photometric variability correlated with both of these phenomena, as well as with strong, coherent magnetic fields has been previously reported (e.g. Shore et al. 1990; Oksala et al. 2010) .
Along with the uvby photometric measurements listed in Table 10 , we also analyzed Hipparcos Epoch Photometry for variability. The catalogue (Perryman et al. 1997) contains 98 observations of HD 35502 which were obtained over a period of 3.1 yrs. Three of these measurements have multiple quality flags reported and were therefore removed from our analysis. The remaining measurements have an average of 7.331 mag, a standard deviation of 0.011 mag, and an average uncertainty of 0.009 mag.
The period searching routine described in Section 4 was applied to both the uvby and Hipparcos data sets. All of the uvby measurements were found to exhibit statistically significant variability; however, only u(v-c) and v(v-c) yielded unique periods of 0.8537 (3) The variability of the spectral lines associated with HD 35502's central B star is most easily detected by cal-culating EWs. We carried this out for a number of lines for which no significant absorption produced by the two A stars was evident. This included He i, C ii, and Si iii lines. The EWs of the He and metal lines were calculated using integration ranges of [−100, 100] km s −1 and were normalized to the continuum just outside these limits. The Balmer line EWs (Hα, Hβ, and Hγ) were measured by normalizing to the flux at |v| 700 km s −1 and integrating over a velocity range of [−600, 600] km s −1 . The uncertainties in the EW measurements were then estimated using a bootstrapping analysis with 1 000 iterations. All of the calculated EWs and uncertainties are listed in and Tables 8 and 9 .
The contributions of the two A stars to the total measured Balmer line EWs were approximated by comparing the synthetic EWs associated with the synth3 models discussed in Section 3.3. We found that the total synthetic spectrum (including the B star and the two A stars) yielded EWs of 5.6Å averaged over Hα, Hβ, Hγ, and Hδ. A similar calculation applied to the single B star model yielded average Balmer line EWs of 4.7Å suggesting that the presence of the two A stars increase the EW measurements by a factor of ≈ 1.2.
Statistically significant variations were detected from EW measurements of Hα, Hβ, Hγ, He i λ4713, and Si iii λ4553. We note that telluric absorption lines were not removed or minimized in the calculation of these EWs. A range of best-fitting periods were derived; however, only the Hα and He i λ4713 EW measurements yielded unique periods of 0.853807(3) d and 0.85377(3) d, respectively. The strongest variability was measured from Hα for which an amplitude of 0.51 ± 0.03Å was derived. Similar variability -both in terms of the phase of maximum emission and the best-fitting period -was also detected in Hβ although, at a much lower amplitude of 0.08 ± 0.01Å. The phased Hα and Hβ EWs exhibit a maximum emission at a phase of 0.99 ± 0.04 and 0.0 ± 0.3, respectively, and are therefore in phase with the Bz measurements. The He i λ4713 EWs are approximately in anti-phase with respect to the Bz variation with minimum absorption occuring at a phase of 0.5 ± 0.1.
Along with EWs, dynamic spectra were also computed by comparing various spectral lines with their respective average normalized intensity ( I/Ic ). Both the dynamic spectra and the EWs of C ii λ4267, He i λ4713, Si iii λ4553, Hβ, and Hγ are shown in Fig. 13 . It is evident that He i λ4713, Si iii λ4553, and to a lesser extent, C ii λ4267, show absorption features crossing from negative to positive velocities. These features suggest the presence of chemical spots on the B star's surface. The most obvious spot is associated with He i, which exhibits a maximum absorption at a phase of 0.0 ± 0.1 and is therefore coincident with the epoch of maximum Bz magnitude. Assuming that the star's magnetic field consists of a strong dipole component as discussed in Section 5, this result suggests that He is more concentrated near the field's negative pole. Enhanced He abundances on the surfaces of magnetic Bp stars have been commonly reported to coincide with either the magnetic equator or magnetic poles (e.g. Neiner et al. 2003; Bohlender & Monin 2011; Grunhut et al. 2012; Rivinius et al. 2013) .
A similar plot of the dynamic spectrum and EWs of Hα is shown in Fig. 14 , where the additional DAO and CFHT spectra are also included. In order to reduce nor- malization errors, all of the Hα spectra were consistently normalized using a linear fit to the measured flux at velocities of ±600 km s −1 . The observed spectra are compared with the synthetic spectrum (Isyn) discussed in Section 3.3 rather than the average observed spectrum. Isyn includes the contributions from the A stars which move (in velocity space) relative to the B star throughout the B star's rotational period. Therefore, this method results in a greater contrast between the emission and absorption features associated only with the B star. Strong, nearly symmetrical emission peaks are observed at a distance of ≈ 4 R * at a phase of 0.0. The intensity of this emission is observed to decrease by a factor of ≈ 2 at a phase of 0.5. Similarly, the ratio between the maximum core emission (at phase 0.25) and minimum core emission (at phase 0.5) is also found to be ≈ 2.
The standard interpretation of the broad Hα emission peaks that are associated with a small number of magnetic B-type stars is that they are produced by two dense clouds of hot plasma, trapped in the magnetic field above the stellar surface, which co-rotate with the star (e.g. Walborn & Hesser 1976; Landstreet & Borra 1978) . Under the assumption that the cloud is optically thin, one would expect the same blue shifted emission feature to be observed half a rotational cycle later shifted towards redder wavelengths (e.g. in Fig. 14 , the blue emission peak occuring at phase 0.0 should reappear red shifted at phase 0.5). The fact that the strength of both the blue and red shifted emission peaks decrease between phase 0.0 and phase 0.5 suggests that the plasma clouds are, to an extent, optically thick. The relatively large decrease in emission is currently unprecedented amongst the known CM hosting stars; however, a more moderate decrease in HR 5907's Hα emission is shown in Fig. 15 of Grunhut et al. (2012) .
Adopting the standard interpretation, the trajectories of the Hα-emitting clouds may be approximately inferred by fitting the velocities at which the peak emission is found on either side of the Hα core as a function of rotational phase. The resulting fits suggest that the plasma clouds follow nearly circular trajectories as indicated by the two dashed curves shown in Fig. 14 . The mechanism by which this plasma is confined is discussed in the following section.
MAGNETOSPHERE
As described by ud-Doula, Owocki & Townsend (2008) , various characteristics of a star's magnetosphere may be inferred by comparing two parameters: the Kepler radius, RK , and the Alfvén radius, R Alf . RK is the radius at which the gravitational force is balanced by the centrifugal force in a reference frame that is co-rotating with the star. R Alf characterizes the point within which the magnetic field dominates over the wind and approximately corresponds to the extent of the closed field loops (ud-Doula & Owocki 2002; ud-Doula, Owocki & Townsend 2008) . Their ratio, R Alf /RK , can therefore be used to define a magnetosphere as either dynamical (R Alf /RK < 1) or centrifugal (R Alf /RK > 1) (Petit et al. 2013 ). It also serves as an indicator of the volume of the magnetosphere: those stars having comparatively larger R Alf /RK will be capable of confining the emitted wind at larger radii. Furthermore, since a stronger field would be capable of confining more mass, a correlation between the Alfvén radius and the magnetosphere's density may be expected.
Using the mass and rotational period of HD 35502's B star, we find a Kepler radius of RK = 2.1 +0.4 −0.7 R * , where R * is the stellar radius at the magnetic equator. We approximate R * using Req since this corresponds to the stellar radius at the latitude where the plasma is expected to accumulate. The Alvén radius is estimated using equation (9) of ud-Doula, Owocki & Townsend (2008) for a dipole magnetic field. This expression requires the calculation of the wind confinement parameter, η * , which in turn depends on the dipole magnetic field strength, the equatorial radius, the terminal wind speed (V∞), and the wind mass loss rate in the absence of a magnetic field (ṀB=0). Following the recipe outlined by Vink, de Koter & Lamers (2000),ṀB=0 and V∞ are derived for a B star having 12.5 < T eff 22.5 kK using V∞/Vesc = 1.3, where Vesc is the escape velocity. We obtainṀB=0 = (1.3
−10 M /yr and V∞ = 
1100
+40 −110 km s −1 . Finally, η * is found to be (2.6
using the value of Bp derived from B H, which then yields R Alf = 41 +17 −6 R * . The magnetospheric parameters associated with both the H and He+metal longitudinal field measurements derived in Section 5 are listed in Table 6 .
Given that the hot plasma surrounding HD 35502's B star is co-rotating with the star at a distance of ≈ 4 R * , i.e. between RK and R Alf , it is likely that the plasma is being confined by the strong magnetic field. Similar examples of magnetic B-type stars producing H emission well beyond the stellar radius (at distances of ≈ 2 − 4 R * ) have been previously reported (e.g. Bohlender & Monin 2011; Oksala et al. 2012; Grunhut et al. 2012) . In each of these cases, the star's Alfvén radius exceeds its Kepler radius by approximately an order of magnitude (Petit et al. 2013; Shultz et al. 2014) . Using the R Alf value obtained from the B H measurements, we derived an R Alf to RK ratio of 19 +20 −5 . Therefore, the fact that we observe strong Hα emission is in agreement with this R Alf /RK 10 empirical limit. β (°) 63 ± 13 66
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The magnetic confinement-rotation diagram compiled by Petit et al. (2013) allows RK and R Alf to be understood within the broader context of all known O and B stars that host magnetospheres. Our characterization of the magnetosphere hosted by HD 35502's B star suggests that it is well within the centrifugal magnetosphere regime. Only two other stars have been discovered exhibiting similar R Alf and RK values within the derived R Alf > 40 R * and 1.5 RK 2.5 R * . Although approximately four other stars have lower limits of R Alf and RK that are consistent with HD 35502's, only HD 182180 (Rivinius et al. 2013) and HD 142184 (Grunhut et al. 2012) have reported upper and lower uncertainties. These two examples have similar effective temperatures, surface gravities, radii, and masses to HD 35502's magnetic B star. However, HD 182180 and HD 142184 are slightly faster rotators (Prot ≈ 0.5 d) and host magnetic fields with weaker dipolar components (Bp ≈ 10 kG).
CONCLUSION
The analysis presented here demonstrates a number of new discoveries regarding the nature of HD 35502. The high resolution spectroscopic and spectropolarimetric observations obtained using ESPaDOnS, Narval, and FEROS indicate that it is an SB3 system containing a central magnetic Btype star and two cooler A-type stars, all of which lie on the main sequence. We confirm that HD 35502's speckle companion reported by Balega et al. (2012) is indeed the A star binary system. Our analysis indicates that both the A stars are physically nearly identical with a mass ratio of 1.05 ± 0.02, masses of 2.1 M , and effective temperatures of 8.9 kK.
Based on radial velocity measurements, we find that the two A stars form a binary system with an orbital period of 5.66866(6) d. No radial velocity variations of the B star were detected over the 22 year observing period, which can be explained by the inferred orbital period of P orb 40 yrs. However, two other explanations can account for the lack of detected radial velocity variations: (1) the inclination angle associated with the A star binary's orbit about the B star may be ∼ 0°or (2) the A star binary may lie along the line of sight but not be gravitationally bound to the B star. A number of factors favour the triple system description such as the consistent flux ratios between the three components derived here. Specifically, if the two A stars are significantly closer or further than HD 35502's 400 ± 80 pc distance, they would no longer lie on the main sequence. Furthermore, the radial velocity of the Orion OB1a subassociation, of which HD 35502 is most likely a member, has a reported velocity of ≈ 24 km s −1 (Morrell & Levato 1991) and is therefore consistent with both the B star's average radial velocity of 21 ± 2 km s −1 and the radial velocity of the A star binary's center of mass (27 ± 3 km s −1 ).
Our Our analysis indicates that the 'sn' classification appearing in HD 35502's historical B5IVsnp spectral type (Abt & Levato 1977) is most likely related to the presence of the sharp-lined binary companion along with the strong H emission. We therefore propose that this system be reclassified as a B5IVpe+A+A system. Stars hosting strongly emitting centrifugal magnetospheres can provide useful insights towards our understanding of both stellar winds and stellar magnetism. Therefore, it is important that these rare systems be studied in detail. While this particular class of magnetic stars is certainly growing, the number of confirmed examples are still insufficient to solve various outstanding issues. For instance, the inferred magnetospheric material densities of CM-hosting stars are largely inconsistent with currently predicted values (e.g. Rivinius et al. 2013; Townsend et al. 2013; Shultz et al. 2014) . Moreover, testing the validity of theoretical models describing the physical nature of these magnetospheres (e.g. the Rigidly Rotating Magnetosphere model derived by requires detailed comparisons with a diversity of observations such as those recently carried out by Oksala et al. (2012 Oksala et al. ( , 2015 .
We conclude that the strong variability -both in terms of Bz and the observed line variability -makes HD 35502 a favourable subject of a magnetic Doppler imaging analysis (Piskunov & Kochukhov 2002 ). However, any attempt would require the three spectral components to be disentangled. Our orbital solution provides the necessary first step towards accomplishing this task. 
